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Causal relationshipAbstract In the context of medical professional liability, obstetrics is one of the most involved
medical specialties because the unfavorable outcome of a pregnancy is difﬁcult to accept for par-
ents, who tend to reduce it to inappropriate care that occurred during pregnancy or birth. 32 cases
of perinatal asphyxia were evaluated by the Institute of Forensic Medicine in Brescia during the per-
iod between 1999 and 2014 (13 in Civil Court and 19 in Penal Court). 9 out of the 32 pregnancies
were twins, so the considerations were carried out on a total of 41 fetuses/newborns. Proﬁles of
inadequacy were identiﬁed in 66% of cases (85% of the cases evaluated in Civil Court; 53% of
the cases evaluated in Penal Court). The existence of a causal relationship between the medical con-
duct and the onset of asphyxia was recognized in 79% of civil cases and in 38% of penal cases.
There is a ‘‘greater rigor” in the veriﬁcation of causal relationship and malpractice proﬁles in penal
cases compared to civil ones: this is in harmony with the most recent Italian Court decisions, char-
acterized by compelling suspect’s protection in the presence of a reasonable doubt in criminal mat-
ters and by victim’s protection in civil ones.
 2016 The International Association of Law and Forensic Sciences (IALFS). Production and hosting by
Elsevier B.V. All rights reserved.1. Introduction
In the context of medical professional liability, obstetrics is one
of the most involved because the unfavorable outcome of a
pregnancy is difﬁcult to accept for parents, who often claim
medical deﬁciencies during pregnancy or birth.One of the most relevant conditions is perinatal asphyxia, a
pathological condition that can occur before, during or imme-
diately after the birth. In perinatal asphyxia there is a decrease
in the oxygen content in fetal blood, caused by a not sufﬁcient
supply through the placenta before or during birth, or, after
birth, by an alteration of the adaptation mechanisms to
extrauterine life, such as the beginning of breathing, which
may not correctly start.1 The incidence of perinatal asphyxia
is variable: the lower one in Scandinavian countries (about
5–1000 live birth), while in the underdeveloped countries it’s
20–30 times higher.2 Birth asphyxia is one of the recognized
causes of perinatal mortality and childhood disability: a per-
centage between 20% and 50% of the asphyxiated infants dies
in the perinatal period; 25% of the newborns will developl rights
doi.org/
Table 1 Maternal risk factors and alarm signals.
Twin pregnancy 28%
Vaginal bleeding 22%
Premature rupture of membrane 19%
Placental abruption 19%
Preterm delivery risk 16%
High blood pressure/Preeclampsia 13%
Meconium-stained amniotic ﬂuid 9%
Diabetes mellitus 6%
Table 2 Distribution of Apgar score.
Score I minute (%) V minute (%) X minute (%)
8–10 10 42 60
4–7 50 32 20
63 40 26 20
2 A. Verzeletti et al.serious neurological problems, such as hypoxic-ischemic
encephalopathy, cerebral palsy, mental retardation, learning
disorders and epilepsy.3 The mechanisms that determine peri-
natal asphyxia can be acute or chronic and can origin from
the mother, from fetal adnexa (umbilical cord, placenta) or
from the fetus/newborn. Regarding the mother, the cause is
an insufﬁcient oxygen supply to the fetus through the placental
circulation. These events can occur during pregnancy or during
labor because of maternal blood pressure changes or diseases
lowering maternal blood oxygenation, or because of uterine
contractions occurring outside labor, that reduce oxygenation
through the umbilical vessels and depress fetus’ cardiovascular
and nervous system. If uterine adnexa are involved, the
asphyxial event is connected to an interruption of umbilical
circulation (because of a compression of the umbilical cord),
or it can be caused by an alteration of placental gas exchange,
as in the case of placenta previa, placental insufﬁciency or pla-
cental abruption. If the asphyxial mechanism originates from
the fetus/newborn, the most frequent cause of asphyxia is his
inability to breathe immediately after the birth and to put in
place the mechanisms of neonatal adaptation: this can be the
result of respiratory center depression caused by an excessive
administration to the mother of analgesic drugs, or it can be
the direct consequence of pathology of the fetus/newborn.
The main risk factors for perinatal asphyxia are diabetes mel-
litus, high blood pressure, pre-eclampsia, second and third tri-
mester hemorrhages, infections, poly-oligohydramnios,
preterm birth, multiple pregnancy, drugs or toxic substance
administration, intrauterine growth restriction. One of the
most important target organs of perinatal asphyxia is the
brain: there can be cerebral edema and hemorrhages, that
can lead to an elevation of intracranial pressure, to alterations
in cerebral blood ﬂow and in regulatory mechanisms of the
brain district, where there can be an irreversible cellular dam-
age, up to hypoxic-ischemic encephalopathy.4 There are three
forms of hypoxic-ischemic encephalopathy: mild, moderate
and severe.5 Newborns who have the mild form (clinically
characterized by increased irritability, normal muscle tone or
mild hypotonia without seizures) generally have a normal psy-
chomotorial development. Newborns who have the moderate
form of encephalopathy (clinically characterized by lethargy,
hypotonia, diminished spontaneous body movements, dimin-
ished reﬂexes with or without associated seizures) have a
20% probability to develop a severe brain disability. New-
borns who have the severe form of encephalopathy (coma, ﬂac-
cid muscle tone, tetraplegia, absence of primitive reﬂexes,
seizures, need for mechanical ventilation) have a high proba-
bility of death or, if they survive, to develop a severe
encephalopathy.6 The prevention of perinatal asphyxia is
essentially based on the identiﬁcation of risk factors which
are present before and during pregnancy, on careful controls
during gestation and on an accurate and timely assistance dur-
ing labor and to the baby immediately after birth. Before and
during childbirth, prevention is based on cardiotocography
(CTG), which considers the variability of the fetal heart rate
and can give important information about the presence of fetal
distress, conditioning also the approach to childbirth.7 If there
are signs or parameters allowing to detect asphyxia, the ﬁrst
measure is cesarean section; natural childbirth, in fact, could
lead to a worsening of fetal distress, and it should be limited
to cases in an advanced stage of labor.Please cite this article in press as: Verzeletti A et al. Perinatal asphyxia and medical p
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32 cases of perinatal asphyxia were evaluated by the Institute
of Forensic Medicine in Brescia, Italy, during the period
1999–2014: 13 cases in Civil Court and 19 in Penal Court. 9
out of the 32 pregnancies were twins (3 dealt in Civil Court
and 6 in Penal Court), so the considerations were carried out
on a total of 41 fetuses/newborns (16 in Civil Court and 25
in Penal Court). All cases were evaluated in association with
the specialist obstetrician. According to Italian law civil ﬁeld
refers to the duty to repair the economic consequences of the
damage; in penal ﬁeld physician can be pursued by a crime
committed during his work. These two ﬁelds are independent
of each other: a physician can be pursed for the one or the
other or both, according to the patient’s will.
3. Results
The different maternal risk factors and the alarm signals whose
presence correlates with a higher probability of an asphyxial epi-
sode before, during and after labor were considered (Table 1).
In 37% of cases, the delivery took place in a natural way,
while in the remaining 63%acesarean sectionwas done. Thedis-
tribution of Apgar score in the cases is shown in Table 2.
The cardiotocographic monitoring was performed in 63%
of cases; in 65% of cases in which the monitoring was carried
out, it was altered because of: the absence of fetal heart rate,
decreasing variability, reduced fetal active movements, late
decelerations (Table 3).
Ultrasound was performed in 38% of cases. In 17% of
cases in which this examination was carried out no pathologi-
cal ﬁndings were detected; in 83% of cases, ultrasound showed
alterations, such as the absence of fetal heart rate, oligohy-
dramnios or polyhydramnios, increased resistance of umbilical
artery, areas of placental abruption, placenta previa, placental
insufﬁciency, diffuse brain damage, intrauterine growth retar-
dation (IUGR); only in one case, ﬁnally, the alteration
detected by ultrasound examination was not speciﬁed
(Table 4).rofessional liability: A case series, Egypt J Forensic Sci (2016), http://dx.doi.org/
Table 3 Cardiotocography.
Normal ﬁndings 35%
Pathological ﬁndings 65%
Absence of fetal heart rate 23%
Decreasing variability 23%
Reduced fetal active movements 15%
Late decelerations 8%
Other (not speciﬁed alterations) 31%
Table 4 Ultrasound.
Normal ﬁndings 17%
Pathological ﬁndings 83%
Absence of fetal heart rate 40%
Polyhydramnios 10%
Partial placenta previa 10%
Increased resistance of umbilical artery 10%
IUGR+ oligohydramnios + placental insuﬃciency
+ placental abruption
10%
Diﬀuse brain damage 10%
No speciﬁed alterations 10%
Perinatal asphyxia and medical professional liability: A case series 3The gynecological examination was performed in 31% of
cases; in all cases, no pathological ﬁndings were detected; in
70% of cases the medical examination was associated with car-
diotocographic monitoring, while in the remaining 30% it was
associated with ultrasound.
Regarding the evaluation of the medical conduct, proﬁles
of inadequacy were identiﬁed in 21 out of 32 cases (66%),
and in particular in 11 out of 13 cases (85%) evaluated in
the Civil Court and in 10 out of 19 cases (53%) evaluated in
the Penal Court.
Inadequate medical behavior was identiﬁed in:
– Not correct cardiotocographic monitoring (15 of 32 preg-
nancies; 47% of cases) because of: misreading of the trace,
too short or interrupted monitoring, diagnostic failure due
to lack of monitoring of uterine contractions;
– Delay of cesarean section (8 of 32 pregnancies; 25% of
cases);
– Omission of clinical and/or instrumental controls (5 of 32
pregnancies; 16% of cases);
– Omission of hyaline membrane disease prophylaxis and
failure to transfer to neonatal intensive care (1 pregnancy
of 32; 3% of cases);
– Incorrect execution of the Kristeller maneuver (1 pregnancy
of 32; 3% of cases).
It was ﬁnally examined the existence of a causal relation-
ship between medical behavior and the onset of asphyxia.
The existence of a causal relationship was established in 62%
of cases assessed in Civil Court and in 25% of cases evaluated
in Penal Court.
4. Discussion
The analysis of the case study was focused on two main ele-
ments: the evaluation of the physicians’ behavior during preg-
nancy and during delivery, as well as the veriﬁcation of the
causal relationship between that behavior and the onset ofPlease cite this article in press as: Verzeletti A et al. Perinatal asphyxia and medical p
10.1016/j.ejfs.2016.03.004asphyxia. Proﬁles of inadequacy in physicians’ conduct were
detected in 27 fetuses/infants out of 41 (66%), so their conduct
was censurable. In civil matters, inadequate medical conduct
was recognized in 14 out of 16 cases (88%); in the remaining
2 cases (12%) there were no censurable behaviors. In the penal
ﬁeld, the situation was more balanced: the medical conduct
was inadequate in 13 cases out of 25 (52%); in the remaining
12 cases (48%) no censurable behavior was found. The most
frequent inadequate behavior was related to cardiotocographic
monitoring and to ultrasound examination. Particularly, in
relation to the interpretation of cardiotocographic reports,
incorrect behaviors were primarily reading errors of the car-
diotocographic trace or an incorrect execution of CTG (it
was too short or too early interrupted). This was followed by
an inadequate medical care during childbirth (failure or delay
in execution of cesarean section or incongruous timing in the
performance of childbirth). Inadequate assistance due to fail-
ure to perform ultrasound or clinical control was less frequent,
recognized in 7 out of 32 pregnancies (22%); this lack led to
predictable complications at childbirth.
With regard to the assessment of the causal link between
the medical conduct and the onset of asphyxia, the existence
of the causal relationship was recognized in 16 fetuses/infants
out of 41 (39%). In the civil ﬁeld, the causal relationship was
veriﬁed in 11 of the 14 cases characterized by an inappropriate
behavior (79%); in the remaining 3 cases (21%), even in
presence of proﬁles of medical conduct inadequacy, the causal
relationship was absent.
The detailed analysis of the three cases in which causal rela-
tionship was excluded allows the following considerations.
A case showed a not optimal behavior related to medical
assistance during labor and childbirth; however the baby did
not present the clinical signs which are usually found in the
case of neurological damage caused by perinatal hypoxic suf-
fering; in the medical history of the mother there were factors
in favor of a prenatal etiology of the disease so there was insuf-
ﬁcient evidence to suggest that the disease of the baby was
attributable to deﬁciencies in birth care.
In the second case, there was reckless behavior: physicians
delayed the cesarian section, although there were indicative
elements of fetal distress; however, considered the normality
of baby’s clinical presentation in the ﬁrst days after birth
and in the ﬁrst month of life, there was no evidence to prove
that the disease was due to the delay in the cesarean section.
In the third case, the medical behavior during labor was
censored because of the absence of a continuous cardiotoco-
graphic monitoring, of the omitted evaluation for the execu-
tion of an emergency cesarean section and of instrumental
operations to accelerate the expulsion of the fetus, but even
a more careful assistance during childbirth would not have
changed the clinical situation, which was already compromised
because of the presence of a previous maternal preeclampsia.
In the penal ﬁeld, causal relationship was found in 5 out of
the 13 cases characterized by inappropriate behavior (38%); in
the remaining 8 cases (62%), even in the presence of proﬁles of
inadequacy, a causal link was absent.
The analysis of the cases in which causal relationship was
excluded allows the following considerations: in a case of twin
pregnancy, although cardiotocographic monitoring and ultra-
sound highlighted the death of a fetus and the suffering of the
other one, the decision to proceed to cesarean section was
adopted more than an hour after these conditions were found;rofessional liability: A case series, Egypt J Forensic Sci (2016), http://dx.doi.org/
4 A. Verzeletti et al.about the ﬁrst fetus, causal link was excluded because at the
time of monitoring the fetus was already dead. In the second
case, after the detection, through a Doppler velocimetry, of
umbilical artery increased resistance, it would be recom-
mended to repeat the examination after a few days; without
this test it is however impossible to conﬁrm that a new exam-
ination carried out after a few days could have prevented the
onset of perinatal asphyxia. In the third and in the fourth
cases, a vaginal swab, which is mandatory in twin pregnancies
before the 20th week of gestation to diagnose ascending infec-
tions, was never executed; but there are no reasonable elements
to support the existence of a causal relationship between the
failure to perform such a test and the death of one twin; in
the second twin, despite the inappropriate medical behavior,
there were no notable clinical consequences. In the ﬁfth and
sixth case inappropriate behavior by the gynecologist was
reported: while he was visiting the patient that complained
since a few days about a decrease in fetal movements, he noted
the presence of fetal heart rate and fetal active movements, but
an ultrasound performed during the same day in the emer-
gency room showed the absence of fetal heart rate and after
the induction of abortive labor, alterations typical of fetal
maceration were highlighted in both fetuses; these alterations
allowed to afﬁrm that the intrauterine death occurred at least
48 h before. This ﬁnding allowed to exclude that fetuses were
still alive at the time of the ﬁrst gynecological visit; in that
occasion the visit was supposed to be associated with an ultra-
sound examination, the execution of which would not in any
case have modiﬁed the negative outcome of pregnancy. In
the seventh case, doctors should have executed a cesarean sec-
tion more quickly, considering the pathological ﬁndings in car-
diotocographic trace; elements emerging from the analysis of
health documentation date fetal distress at 6–48 h prior to hos-
pital admission; there was an insufﬁcient evidence to assert
that the delay in execution of cesarean section aggravated
the neurological injury previously suffered by the fetus.
In the light of the explained cases, it is evident the ‘‘greater
rigor” that guides the veriﬁcation of the causal relationship
and the malpractice proﬁles in penal matters compared to civil
ones: this is in harmony with the most recent Italian Court
decisions, characterized by suspect’s protection in the presencePlease cite this article in press as: Verzeletti A et al. Perinatal asphyxia and medical p
10.1016/j.ejfs.2016.03.004of a reasonable doubt in criminal matters and by victim’s pro-
tection in civil ones.
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